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(54) Fuel compositions containing tertiary-alkyl primary amines 



(57) A fuel composition includes a major amount of 
fuel; a minor amount of a cetane number improver; and 
a minor amount of at least one tertiary alkyl primary 
amine of the formula: 



R 2 



wherein: R r R 2 , and R 3 are each independently (C r 
C 21 ) alkyl, substituted (C r C 21 ) alkyl, (C,-C 21 ) alkenyl 
or substituted (C r C 21 ) alkenyl. 

The improved fuel oil compositions enjoy improved 
stabilization against: 1) sediment formation, 2) color 
degradation during storage and distribution as well as 
improved cetane number, rust inhibition and demulsibil- 
ity. Particularly, fuel oil compositions containing cetane 
improvers having improved thermal stability. 
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crude source and amount of cracked fraction, m,dd e d.st, M ^^-^^ Fue , storage stability 
containverydifferentamountsolgumandcolorp^ lt is we || established that diesel fuels 

was a well-understood problem prior to the rt roduc ^J^^J^m^ when brought into contact with 
can exhibit instabi.ity when stored for extended ^^ ( ^^2i uW ion. reduced storage stability 
high temperature engine parts (thermal stab -ty - to meet g My 

problems for highway fuels. However low-sulfur "^res^ ^ ^ S e ^ j^ecaL of logistical and economic 
problems in distillate fuels. However, fuels are often stored for much longer p 

necessities. orolonqed storage and thermal stress, continue to be 

[0 003] The oxidative degradation products, formed "^e r both pro °"9 e 8 jn terms 0) the 1ormatjon 

a problem in the utilization of, for example, diesel '"^Fuel-.nsteb.l^ ^ a p Sdes. Sediments and gums which result 
of deleterious products, such as filterab.e sediment £^JfS£J S he .ow-temperature storage and high- 
,rom the oxidation reactions act to block filters ^^^^^Zu^ the most effective means of 

ssr^sss- - — - - be ,ess ,han the hydrot - 

^rV-seofcetaneimproversandtheadventofmo^ 

of stability. Stringent diese, engine emissions regulars are b*n "Jjj^^ {g/hp . hr) for the 1 998 model 

1 990 Clean Air Act mandated lowering NO x ^^ f te ^^^^^^„J^ of combined NO x 

year. Future proposals by the U.S. Environmental Protect^ Ag^y (EPA ca for f u ^ 

Ld hydrocarbon emissions of heavy-duty ^^^^v^te^.*n diese, f ue.s. 

will require a combination of new engine technology an I econom ^ab» ^ cetane 

[0005] Numerous studies by the Coordinating Research Council anc 0 ^ hers ^ nydrocarbo n and particulate 

number by us,ng additives significantly ^^"^ 

a 47 cetane number (measured by ASTM D 613) would quahf V** »• ^ source However , few are aware 

[0006] Most users are knowledgeable about the system. In addition to its primary 

!hat diesel fue, performs muUiple f undent in a diesel eng n ^ and the a ^ed y ^ ^ flujd 

S using a green fitter in the updated Octe, ^\^J^S^r^ of diese, fue, as a heat- 
[0007] Adequate thermal stability is a necessary ^ f ^^° c J ted t0 tne (ue | injectors is 

Lister fluid. In modem heavy-duty diese, ^^^^^ro the fue, tank carrying heat with it, 
actually delrvered to the combustion cylinders. SeSon of fuel through the newer engines, fuel 

consequently raising the bulk fue, temperature. in some engines and fue. combinations, 

; ^ZS^^^^^^^T cause the ,uel t0 de9rade " ,om 

SlTetat^ 

[0008] Good thermal stability may become even more important in the ' utu JJ y 1 he fue , t0 more 

Lcald that engines under deveio^ 
o severe operating environments (stress), e.g., higher P ressures aeolications in some areas with widespread use 

« may oxidize and decompose, leading to particulate and se d.men <J unstab , e , A , it thermal , y beg ins 
cepted that 2-ethy,hexy, nKrate functions as a diese. JT^^^J^,. (Bacha, John; Lesnini, D. 
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Dept. of Energy, Vol. 2, 671). This result suggests that the stability test temperature and test duration together are just 
sufficient for 2-ethylhexyl nitrate to contribute to the observed fuel thermal instability in the 300°F test. 
[0010] Accordingly, there is a need for a fuel additive which imparts thermal stability to fuels even in the presence 
of cetane improver additives. Tertiary alkyl amines are known as diesel fuel additives as antioxidants for storage im- 

s provement {see U.S. Patent 2,945,749): in combination with fatty amines to counteract tendency of fatty amines to 
emulsify (see U.S Patent 3,014, 793)] and as stabilizers in combination with detergent, rust preventors and demulsifier 
additives (see U.S. Patent 2,793,943). However, none of these references discusses tertiary alkyl primary amines as 
thermal stabilizers and cetane improvers especially in the presence of conventional cetane improvers. 
[0011] The present inventors, have now unexpectedly found that fuels are made thermally stable in the presence of 

10 cetane improvers, which are known to make fuels thermally unstable, by the addition of tertiary alkyl primary amines 
in the C 8 - C 24 range . Furthermore, the tertiary alkyl primary amines of the present invention also operate as cetane 
number improvers and the combination of cetane number improvers with the tertiary alkyl primary amines of the present 
invention provide a higher cetane number than that provided by the cetane improver alone. Also, fuel oil compositions 
containing these amines are also characterized as having improved dispersability, improved rust inhibition and im- 

15 proved demulsibility. 

[0012] In a first aspect of the present invention, there is provided a fuel composition, including: (A) a major amount 
of fuel; (B) at least one cetane number improver; and (C) at least one tertiary alkyl primary amine of the formula: 



I 

R 3 

30 

wherein: R,, R 2 , and R 3 are each independently (C r C 21 ) alkyl, substituted (C r C 21 ) alkyl, (C r C 21 ) alkenyl or substi- 
tuted (C|-C 2 i) alkenyl. 

[001 3] In a second aspect of the present invention, there is provided a fuel composition, including: (A) a major amount 
of diesel fuel; (B) a minor amount of 2-ethylhexylnitrate effective to improve the cetane number of the diesel fuel; and 
35 (C) a minor amount of at least one tertiary alkyl primary amine of the formula: 



40 



45 



R2 



-NH2 



R 3 



effective to provide thermal stability, wherein: R v R 2 , and R 3 are each independently (CyC^ ) alkyl, substituted (C r 
50 C 21 ) alkyl, (C r C 21 ) alkenyl or substituted (C V C 2 ^) alkenyl. 

[0014] In a third aspect of the present invention, there is provided a method of providing thermal stability to fuel 
containing at least one cetane improver, including: introducing into the fuel at least one tertiary alkyl primary amine of 
the formula: 
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,„ an an™, eHective .= i m pan -m, «o I. M *-« B, • Jjj- "= » — i"^™** ,C '^> 
a| k „, 5U ba«ad (C,.C 21 ) aikyl, (C ; C a ,) »ny, c; ^Mjj ^ anctl>d chain alkyl group ha*,.™ 
[0015] As used herein the terminology (C r C 21 ) means asudi9.11 una 

"T-* * » — «— - 50 by we *' ^ ,M ,erm "' n " ,o, 

all .amparawaa b» oagraa eantigtada and all pr. s5 ur.s ar. „, , ali0 lmil8 , 

understood that ranges of 1 -15 or 5-20 are also contemplated^ ^ f(je| 

Tst^y weight, more preferably at lea, 90 % * ^^*£^^ fr0 m inade.uate eetane 
[0020] The fuels useful in the present invention are generaHy any f u* ™ y degradation and other de- 
number, thermal instability, storage stability problems (sed, m ^^^^l^s are hydrocarbon 
terioration during storage), rusting and ^^ h S2S?So-F. which boil substantially 

fractions having an initial boiling point of at least 200»F and me nd poin distillate fuels, 
continuously throughout their distillation range. Such fuels of the presen t invention include, 

[0021] Examplesofmiddledistill^ 

Lre compounds that readily decompose to form f ree rad-cals and t hen ^^^^^ number (ig nrtion 
increased rate of chain initiation improves ignrt.on ^ ^^^^^ meet requ ired speci- 

CSeVe^^^ 

at least one cetane improver is 2-ethylhexyl "««^HN^ ferred embod . 

[0023] in one embodiment, the at least one cetene imp ovens a *J^P .J jon further jncludes a 
iment, the at least one cetane improver » a tertiary akyi 1 P"^ a J ^ "J f h joaldehyde s, tertiary alkyl primary amines, 
second cetane improver heeled Irom alkyl nrtW 

and mixtures thereof. In a more preferred alkyl nitrate, such as 2-EHN. 

amine and the fuel composition further includes a second ^^^^^Zii of 50 to 7500, preferably 
[0024] Generally, the cetane improver is present in the fuel composition at a concentration o. 
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R 2 

I 

Ri — C — NH2 

I 

R 3 



wherein: R,, R 2 , and R 3 are each independently (C r C 21 ) alkyl, substituted (C r C 21 ) alkyl, (C r C 21 ) alkenyl or substi- 
tuted (C r C 21 ) alkenyl. 

15 [0026] Suitable examples of (C r C 21 ) alkyl include, but are not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl } 
isobutyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 2-ethylhexyl, octyl, decyl, isodecyl, undecyl, dodecyl (also 
known as lauryl), tridecyl, tetradecyl (also known as myristyl), pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, 
cosyl, and eicosyl. 

[0027] Suitable examples ot (C r C 21 ) alkenyl include, but are not limited to, ethenyl, n-propenyl, isopropenyl, 1 -bute- 

20 nyl, cis-2-butenyl, isobutylene, trans-2-butenyl, 2-3, dimethyl-2-butenyl, 3-methyl-1 -butenyl, 2-methyl-2-butene, 1 -pen- 
tenyl, cis-2-pentenyl, trans-2-pentenyl, 1-hexenyl, 1-heptenyl, 1-octentl, 1-nonenyl, and 1-decenyl. 
[0028] Suitable examples of (C r C 21 ) substituted alkyl and alkenyl include, but are not limited to, the above recited 
alkyl and alkenyl groups substituted with hydroxy, halide such as fluorine, chlorine or bromine; cyano; alkoxy; haloalkyl; 
carbalkoxy; carboxy; amino; alkylamino derivatives and the like; or nitro groups. 

25 [0029] The at least one tertiary alkyl primary amine may be a single amine or a mixture of amines, for instance as 
described following. In one embodiment, the at least one tertiary alkyl amine is 1,1 ,3,3-tetramethylbutylamine available 
from Rohm and Haas Co of Philadelphia, PA as PRIMENE TOA®. In another embodiment, the at least one tertiary 
alkyl amine is an isomeric mixture of C 16 to C 22 tertiary alkyl primary amines available from Rohm and Haas Co of 
Philadelphia, PA as PRIMENE JM-T®. In a preferred embodiment, the at least one tertiary alkyl amine is an isomeric 

30 mixture of C 8 to C 10 tertiary alkyl primary amines available from Rohm and Haas Co of Philadelphia, PA as PRIMENE 
BC-9® or an isomeric mixture of C 12 to C 14 tertiary alkyl primary amines available from Rohm and Haas Co of Phila- 
delphia, PA as PRIMENE 81-R® or a mixture of PRIMENE BC-9® and PRIMENE 81-R®. In a more preferred embod- 
iment, the at least one tertiary alkyl amine is an isomeric mixture of C 12 to C 14 tertiary alkyl primary amines available 
from Rohm and Haas Co of Philadelphia, PA as PRIMENE 81-R®. 

35 [0030] Generally, the at least one tertiary alkyl primary amine is present in the fuel composition at a concentration 
of 1 to 1 000, preferably 5 to 500, more preferably 1 0 to 200 ppm, most preferably 1 0 to 1 00 ppm. In another embodiment, 
the at least one tertiary alkyl primary amine is present in the fuel composition at a concentration of 50 to 100, or 1 to 
10 ppm. 

[0031] The tertiary alkyl primary amines used in the fuel compositions of the present invention are prepared using 
40 substrate compounds known as substrates for the Ritter reaction and include, for example, alcohols, alkenes, alde- 
hydes, ketones, and ethers, (see, generally, L I. KrimenandD. J.Cota, "The Ritter Reaction", Organic Reactions, Vol. 
17, 1969, pp. 213-325). Processes for preparing tertiary alkyl primary amines are known in the art and are described 
for instance in U.S Patent 5,527,949 and in co-pending provisional application 60/051,867. 

[0X532] The fuel compositions of the present invention may also include other additives well known in the art such 
45 as, without limitation, anti-oxidants, dispersants ; anti-foaming agents and the like. 

[0033] Also contemplated is a method of providing thermal stability to fuel containing at least one cetane improver, 
including: introducing into the fuel at least one tertiary alkyl primary amine of the formula: 
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R 2 



-NH 2 
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R 3 

inanar^unteffect^^ 

alkyl, substituted (C r C 21 ) alkyl, (C r C 21 ) alkenyl or substituted ^^^d^ 

and tertiary alkyl primary amine as we., as the levels JJL. Fuel samp.es #A- # . were 

[0 034] The following Examples are provided as an ^^^m The fuel samples were ana^zed 
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Table 1 



Detailed Analysis of Test Fuel Samples 




Example 1 

She »ue.s were sampled and tested for atthe rate 

method as follows. A 350 mL sample of fuel was hea ted at 95 ( Ctor40hr whne yg 

of 3 liters per hour. After aging, the samp.e .s cooled tc "^^^^^ u|solvent (jam). The TAM is then 
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Table 2. 



Comparison of the Results from Oxidation Stability of diesel Fuel #A @ No. of Weeks by ASTM D2274 


No. of Weeks of Storage 


Total Sediments (mg/100ml) 


Diesel Fuel #A 


Diesel Fuel #A + 100 ppm Primene® 81 -R 


2 


1.0 


0.2 


5 


2.2 


0.5 


7 


2.8 


0.6 


10 


19 


1.0 


15 


27 


2.2 



[0037] The highest sediment reported in the Table 2 is 27mg for diesel Fuel #A, which is an indication of instability 
of the fuel at the prolonged period of time. The test results shown in Table 1 exhibit the better stability for fuel #A with 
100 ppm 81 -R added , at the extended period of time. It is evident that Primene® 81 -R is acting as a stabilizer in the 
diesel fuel, by helping to prevent gum/sediment formation. The most noteworthy point from these results is that Fuel 
#A containing 100 ppm of Primene® 81 -R showed that the fuel is stable even after 10 weeks compared to Fuel #A 
without Primene® 81 -R. 

[0038] The Fuel #A samples were also tested for cetane number with and without additives. The method used for 
cetane number determination was ASTM D 61 3 as well as tested for oxidation stability using ASTM D 2274. The results 
are shown in Table 3. 



Table 3. 



Oxidation Stability Test Results by ASTM D 2274 and Cetane # by ASTM D 613 for Fuel #A 


ppm Additives 


Total Insolubles, mg/100mL 


Cetane Number 


Diesel 
#A 


Diesel #A + 100 ppm 
Primene® 81-R 


Diesel 
#A 


Diesel #A + 100 ppm 
Primene® 81-R 


None(@ 0 weeks) 


1 


0.3 


49.9 


50.6 


100 ppm Primene® 81 -R 


0.2 


0.2 






1000 ppm 2-EHN# 


2.1 




53.1 




1000 ppm 2-EHN + 100 
ppm Primene® 81 -R 


0.1 




53.4 




1000 ppm 2-EHN + 100 
ppm Primene® 70/30* 


0.1 


<0.1 


53.7 




none (@ 5 weeks.) 


2.2 


0.5 


51.0 


51.5 


1 00 ppm Primene® 81 -R 


0.3 








100 ppm Primene® 70/30* 


0.7 








None (@ 7 weeks.) 


2.8 


0.6 






None (@ 10 weeks.) 


19 


1.0 






None (@ 15 weeks.) 


27 


2.2 







•Primene 70/30 = Blend of 70% Primene 81-R and 30% Plexol® 917T #2-EHN =-- 2-ethylhexylnitrate 



[0039] Addition of 2-ethylhexylnitrate (2-EHN) improves the cetane number, but lowers the oxidative storage stability 
of the fuel #A as seen in Table 3. Addition of 100 ppm of Primene® 81-R to the fuel #A with 1000 ppm 2-EHN increases 
the storage stability without sacrificing the effect of 2-EHN as seen in the results in Table 3. Thus Primene® 81-R is 
not only a stabilizer additive for the diesel fuel by itself, but, also is thermal stabilizer and synergistic cetane improver 
Additionally, the tertiary alkyl primary amine (Primene®) enhances the cetane number both with and without the pres- 
ence of conventional cetane improvers. 
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Example 2 

t ^ n,,H roaQt Area refinerv was tested tor oxidation stability 
[0040] A sample of dies* M » obtatned Irom a T.aa Gu< Coast iv8 „ in 

storage stability. Other primary amines did not exhibit properties as stab.hzers. 



to 
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20 



25 



30 



Table 4. 



uxiaauon ^wawimy « ■-■ 

Additives 


Dosage 


Fuel #B 
m a/1 00m L 


None 




2.3 


Primene® 81 -R 


1UU 


<0.1 


Primene® JM-T 


100 


0.1 


Primf=»np(R) TO A 
rill i loi levy i 


15 


0.4 


Primene® BC-9 


15 


<0.1 


Primene® 81 -R 


15 


1.2 


Primene® JM-T 


15 


1.4 


TAPAC-13-I6blend 


15 


<0.1 


TA PA C1 6-1 8 blend 


15 


1.9 


isononylamine 


15 


2.1 


n-nonylamine 


15 


1.9 


2-ethylhexylamine 


15 


2.2 


n-dodecylamine 


15 


2.2 


n-Octadecylamine 


I 15 


2.4 



35 



40 



45 



SO 



Example 3 

,004,, San^aa o, c, ». and m b.«in 9 a -u, — "^l^riS 

Lo also d.aloated to tnetmal .lability and oelana numtas J,™^ luols wer6 „ sli ,d 

Lad in Tabid 5, and toind » b. 44.1 . 46.6. and 45.4 .aap.sta-.ly to h. W « =• ^ usea as . cewie 

o, oxida.tod.ha.mal stability wild and ...hoot 2-EHI4 and aortaed w«h P™on .am 

„ um b„ imp.o.a, addiW, and ,0. addition dl 2-EH Ida* ^"^^w to 90 minut.s. Th. 

provided by OctelVDuPont. A rating of up to 7 is ^" er ^ increased the fitter 

P a fail. The data presented in the Table ^ * Furthermore, the addition of Primene 

number as well. 
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Table 5. 



Octel/Du Pont F21-61 @ 90 min. & Cetane Number Test Results of Diesel fuel # C, #D, & #E 




Diesel Fuel #C 


Diesel Fuel #D 


Di 


esel Fuel # E 


Additlve(ppm) 


Cetane 
No. 


Thermal 
Stability Using 
DuPont F-21 
Test Method, 
(filter pad rating) 


Cetane 
No. 


Thermal Stability 
Using DuPont F- 
21 Test Method 


Cetane 
No. 


Thermal 
Using Du 
Test M 


Stability 
Pont F-21 
ethod 






color 
before/ 
after 


Filter 
pad 
ratinQ 




color 
before/ 
after 


Filter 
pad 
rating 




Color 
before/ 
after 


Filter 
pad 
rating 


None 
70% 

Primene®81- 
R/30% 
Plexol®917T 
(1UU) 


44.1 
44.4 


1.0/1.5, 
1.0/1.0 


2 
1 


45.5 
45.9 


1.0/1.0 
1.0/1.0 


2 
1 


45.4 
45.4 


1.5/2.5 
1.5/2.5 


3 
2 


2-EHN (1000) 


48.1 


1.0/3.0 


16 


48.5 


1.0/3.0 


10 


48.3 


1.5/3.5 


9 


2-EHN 
(1000) 
+Primene® 
81- 

R/Plexol®917T 
(100) 


47.6 


1.5/1.5 


1 


50 


1/2 


1 


48.4 


1.5/3 


1 


2-EHN (1000) + 
Primene®81-R 
(70) 


47.8 


1.0/1.5 


1 


48.7 


1.0/1.5 


1 


48.8 


1.5/3.0 


1 



Example 4 

[0044] The fuel was subjected to Octel/DuPont F21 -61 test for 1 80 minutes. The results showed that 2,6-di-t-butyl- 
4-methyl phenol and N,N'-di-sec-butyl-p-phenylenediamine are not effective anti-oxidants at 20 or 40 ppm concentra- 
tion under these test conditions. The results shown in Table 6 also suggest that the Primene amines, and dinonyl 
diphenylamine are effective thermal stabilizers at 40 ppm concentration under these test conditions. However, the 
combination of Primene 81 -R and Primene BC-9 at 1:1 ratio is effective, at 20 ppm concentration, to increase the 
thermal stability of the test fuel. 



Table 6. 



45 



Thermal Stability Test Results of Fuel #F (Octel/Du Pont F21-61 @ 180 min.) 


Additives 




Octel/Du Pont F 21-61 Stability test @ 180 min. 


(ppm) 


Color, before/after 


Filter pad rating 


None 




1.5/2.0 


13 


Primene® 81 -R 


20 


1.0/2.0 


9 


Primene®BC-9 


20 


0.5/1.5 


10 


Primene® 81 -R + Plexol® 91 7T* 


20 


0.5/2.0 


! 7 


2,6-di-t-butyl-4-methyl phenol 


20 


0.5/1.5 


11 


N,N'-di-sec-butyl-p-phenylenediamine 


20 


0.5/2.5 


14 



* a blend of 70% Primene® 81 -R + 30% Plexol® 91 7T 
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Table 6. (continued) 



1 MCI flldl vJiawmkj . .w » 

Additives 


Octel/Du Pont F 21-61 Stability test @ 1 80 mm. 


1 (PP™) 


Color, before/after 


Filter pad rating 


Dinonyl diphenylamine | 


20 


1.0/2.0 


9 


Primene® JM-T 


20 


1 n/o n 


8 


Primene® 81 -R+ Primene® BC-9 (1:1) 


20 


1.0/2.0 


3 


Dinonyl diphenylamine 


40 


3.0/3.0 


3 


N N'-di-sec-butyl-p-phenylenediamine 


40 


0.5/2.5 


14 


2 6-di-t-butyl-4-methyl phenol 


40 


0.5/2.0 


12 


Primene® 81 -R 


40 


1/1.5 


1 


Primene® BC-9 ^ 


40 


1/1.5 


1 



Example 5 

TecZZ^relL. The increased addttion ol Primene® amine concentration showed a decrease ,n fitter pad 
rating. 



Table 7 



Test Results of Thermal Stability and Cetane Number Improver tor Fuel #F 



Additives (ppm) 


Octel/DuPont F21-61 Test @ 180 
Minutes 


Cetane 
Number 




Color, belore/after 


Filter pad Rating 




None 


1.5 /2.5 


13 


47 J 


2-EHN (2000) 


1/7.5 


14 


54.3 


2-EHN (2000) + Primene® 81 -R (20) 


1/7 


13 


54.3 


2-EHN + Dinonyl diphenylamine (20) 


1 /7.5 


15 


53.4 


2-EHN (2000) + Primene® 81 -R (40) 


1/6 


13 


55.2 


2-EHN (2000) + Dinonyl diphenylamine (40) 


1/7.5 


16 


54.3 


2-EHN (2000) + Primene® BC-9 (40) 


1/6.5 


13 


54.3 


2-EHN (2000) + Primene® 81 -R + Primene® BC- 
9 (1:1) (40) 


1/6 


10 


54.9 



f00 46] The results shown in Table 8 were from continued testing of diese. Fuel #F to improve the mal staWrty in he 
ZVLe dt 2 EHN The results showed that Primene® 81 -R, and Primene® BC-9 and a comb.nation of both at 00 
I m cone ^^trarwlh 2000 pm of 2-EHN is effective in improving the thermal stability of the fuel The combine ion 
^2 and Primenes® improves the cetane number of the base fuel more than 2-EHN alone. Table 7 

Ze^T^L^V between the concentration of the addit.es, cetane number, and the fitter pad rating of the 
DuPont F-21 test. 
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Table 7 



Test Results of Thermal Stability and Cetane Number Improver for Fuel #F 


Additives (ppm) 


Octel/DuPont F21-61 Test @ 180 Minutes 


Color, before/after 


Filter pad Rating 


2-EHN (2000) + Primene®81-R (80) 


1 /5.5 


8 


2-EHN (2000) + Primene®81-R + Primene® BC-9 (1:1) 80 ppm 


1/5.5 


8 


2-EHN (2000) + Dinonyl diphenylarnine (80) 


1 /8.0 


16 


2-EHN (2000) + Primene® 81 -R (100) 


1 /4 


6 


2-EHN (2000) + Primene® BC-9 + 'Primene® 81 -R, 1:1 (100) 


1 /4 


6 


2-EHN (2000) + Primene® BC-9 (100) 


1 I A 


6 


2-EHN (2000) + Dinonyl diphenylarnine (100) 


1 11 


16 



10 



15 



20 



25 



30 



35 



40 



45 



Example 6 

[0047] Fuel oil samples of 500 mL were stored in 600 mL beakers covered with watch glasses in oven at 40°C. At 
arbitrary intervals, optical density measurements were made on samples before and atter filtering a small portion of 
vigorously shaken sample through a CORNING 30 F fritted glass crucible. The unused portion was immediately re- 
turned to the oven for further aging. The failure time was determined by three methods: 1) the number of days to a 
stated level of optical density difference (A OD) of 0.12 between unfiltered portions, 2) days to reach an OD value of 
1 .00 for the unfiltered sample, and 3) days to reach a residue level of 2.0 mg/100 mL as determined by filtration. The 
results shown in Table 9 shows that addition of Primene® 81 -R prolonged the decomposition period for the diesel by 
detecting the OD = 1 after 120 days compared to the commercially used antioxidants, hence increasing the storage 
stability with respect to both color and sediment. 



Table 9 



Long Term Storage Stability Test Results for Fuel Oil # G 



Additive 


Dosage (ppm) 


Days to failure by 


AOD = 0.12OD 


OD=1.0 


2 mg/100 mL 


None 




35 


70 


59 


Primene® 81 -R 


30 


95 


120 


76 


Commercial AO #21 


30 


40 


88 


58 


Commercial AO #2 


30 


65 


108 


75 



Example 7 

[0048] Thermal stability tests were determined for Fuel # H and # I which are diesel fuels made from blending straight- 
run distillates with Light cycle Oil(LCO). Once again, the results given in Table 10 show that Primene® amines improve 
the thermal stability. 



50 



55 



11 



EP 0 947 577 A1 



TablelO. Octel/DuPontF21-61 @ 180 min. Thermal Stability Test (No. 2-D Diesel) 



Additive 


Dosage 
(ppm) 


Refinery Sample* 
#H 


Refinery Sample* | 
#1 






Y liter rad 
Rating 


Color 


tTiltor* Poll 

r nier rao 
Rating 


Ao 1 1V1 E 

Color 


None 




1 1 
l j 


25 


16 


6 


Primene® 81-R 


7.5 


3 


2 


3 


4 


Prim<»ne(3) R 1 -R 

I 1 1 1 MCI 1C\LV oi i\ 


15 


2 


2 


4 


3.5 


Commercial AO#I 


7.5 


5 


2 


6 


4 


Commercial AO#l 


15 


2 


2 


4 


4 


Commercial AO #2 


7.5 


3 


2 


10 


3.5 


Primene® 81 -R +MDA 


7.5+1.5 


3 


2 


4 


4 


Primene® 81-R +Dispersant 


7.5+7.5 


3 


2 


3 


4 


Primene® 81-R +Dispersant * 
+MDA* 


7.5+7.5+1.5 


7 


2 


7 


3.5 



*MDA metal deactivator - N.N^Disalicylidene-l^-propylenediamine 
* Dispersant - Plexol® 917T 

*The samples contained a blend of straight-run distillate and light cycle oil(LCO) 



Example 8 

[0049] Presence of water or any other additives reacting water could form an emulsion in the fuel. ASTM test method 
D-1094 is utilized to test the water reaction of the fuels. Primene® amines show the capability of enhancing the fuel 
demulsibility property. Table 1 0 show the results of ASTM D 1 094 demonstrating the ability of Primene amines to extract 
water soluble compounds and keep them soluble in fuel layer. 

TablelO 



Test Results of ASTM D 1094 




Additive 


Separation Rating 


Interface 

Appearance 

Rating 


Free Water 
separation (mL) 


Appearance of Fuel 
layer 


Blank 


2 (small air bubbles 
in the fuel layer) 


2 (2mL of lace) 


19 (clear) 


slightly hazy 


9.7 ppm Primene® 
JM-T 


2 (small air bubbles 
in the fuel layer) 


2 (1mLof lace) 


18 (oil bubbles in 
water layer) 


hazy 


9.7 ppm Plexol® 
917 T 


3 (fuel layer 
-emulsion) 


1 b (loose lace at the 
interface) 


20 


Fuel layer -cloudy, 
emulsion 


9.7 ppm Primene® 
JM-T + 9.7 ppm 
Plexol® 917 T 


2 (small air bubbles 
in the fuel layer) 


1b (loose lace at the 
interface) 


20 


slight hazy (like 
blank) 


9.7 ppm Triton® 
CF-32* 


2 


1 


20 


hazy -Like blank 


'surfactant available from 


Union Carbide. Danbury. Ct. 



[0050] The results of the various stability tests as measured by color, sediments and gum formation show (See 
above) clearly shows that the addition of tertiary alky I primary amines, at a few ppm levels, significantly improves the 
stability of tuel oils and diesel. It also shows that the stability of diesel containing a catalytically cracked fraction blend 
can be improved by Primene® B1-R doping at 30 ppm. Several commercial fuel stabilizers at the same dosage level 
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show similar or worse performance. 

[0051] Oxidative and thermal stability of diesel fuels was studied on fuel samples (a) collected from major regions 
around the world; (b) containing both high and low levels of sulfur and (c) containing both straight run and cracked 
components. The results of the various stability tests as measured by color, sediments and gum formation show clearly 
that addition of tertiary alkyl primary amines, at few ppm levels, significantly improves the stability of fuels. Results 
show that the thermal stability of both low and high sulfur fuels can be improved by tertiary alkyl primary amines doping 
at 8-40 ppm range. Furthermore, thermal stability is achieved without negatively effecting the cetane number. In fact, 
the cetane number is improved. 

[0052] It is noteworthy that both sedimentation and color are improved by tertiary alkyl primary amines. The results 
of oxidative stability of diesel showing similar tertiary alkyl primary amines benefits were shown earlier. Several com- 
mercial fuel stabilizers at the same dosage level show similar or worse performance. The data that tertiary alkyl primary 
amines are equal or better stabilizers is also seen in comparative experiments with several well-known common fuel 
stabilizers. 



Claims 

1. A fuel composition, comprising: 

(A) a major amount of fuel; 

(B) a minor amount of at least one cetane number improver; and 

(C) a minor amount of at least one tertiary alkyl primary amine of the formula: 



wherein: R v R 2 , and R 3 are each independently (C r C 21 ) alkyl, substituted (C r C 21 ) alkyl, (C r C 21 ) alkenyl or 
substituted (C r C 21 ) alkenyl. 

2. The fuel composition of claim 1 , wherein the at least one cetane improver is present at a concentration 50 to 7500 
ppm. 

3. The fuel composition of claim 1 , wherein the at least one cetane improver is 2-ethylhexylnitrate. 

4. The fuel composition of claim 1 , wherein the at least one tertiary alkyl primary amine is a C 9 tertiary alkyl amine. 

5. The fuel composition of claim 1 , wherein the at least one tertiary alkyl primary amine is a C 12 tertiary alkyl primary 
amine. 

6. The fuel composition of claim 1 , wherein the at least one tertiary alkyl primary amine is a C 18 tertiary alkyl primary 
amine. 

7. The fuel composition of claim 4, wherein the fuel composition further comprises a C 12 tertiary alkyl primary amine. 

8. The fuel composition of claim 1 , wherein the at least one tertiary alkyl primary amine is present at a concentration 
from 1 to 1000 ppm. 

9. The fuel composition of claim 1, wherein the at least one cetane improver is a tertiary alkyl primary amine. 

10. The fuel composition of claim 9, further comprising a second cetane improver selected from alkyl nitrates, perox- 



R 2 
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15 



20 



25 



30 
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ides, tetrazoles, thioaldehydes, tertiary alkyl primary amines, and mixtures thereof. 
11. A fuel composition, comprising: 

(C) a minor amount of at least one tertiary alkyl primary amine of the formula. 

R 2 

I 

-NH 2 



R 3 

effective to provide thermal stability to the diese, fuel, wherein. R^R^ and R3 are each independently <C r 
C 21 ) alkyl, substituted (C r C 21 ) alkyl, (C r C 21 ) alkenyl or substituted (C r C 21 ) alkenyl. 

12. The compost o, Cairn 11 , wherein the at least one tertiary alky. prima* amine is present in a concentration 
from 1 to 1000 ppm. 

13. A method of providing therma. stabi.i.y to fuel containing cetane improvers, comprising: introducing into the fuel 
at least one tertiary alkyl primary amine of the formula. 

R 2 

I 

-NH 2 



35 



40 



R 3 

in an amount effective to impart therma. stability to the fue., wherein: £ , R 2 , and R - each independently (C r 
C 21 ) alkyl, substituted (C r C 21 ) alkyl, (C r C 21 ) alkenyl or substituted (C r C 21 ) alkenyl. 
14. The method of claim 13, where, the tertiary alky, primary amine is introduced in an amount from 1 to 1000 ppm. 
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